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More than 600 sera from 245 patients with a clinical diagnosis of hemorrhagic fever were preserved

by the Hemorrhagic Fever Commission during the Korean Conflict, 1951-1954. These sera were
tested for IgM- and IgG-specific antibodies to Hantaan virus by enzyme immunoassay and for
hantaviral antigen by immunoassay; one serum from each patient was tested by plaque reduction
neutralization using both Hantaan and Seoul viruses. Only 15 patients failed to develop anti-
hantaviral antibodies; most sera contained high titered IgM antibody on admission, and all were
IgM-seropositive by day 7 after onset. Attempts to detect hantaviral antigen were unsuccessful.
All seropositive patients had highest plaque reduction neutralization titers to Hantaan virus, sug-
gesting that this virus was responsible for the disease seen. These results confirm that hemor-
rhagic fever of the Korean Conflict was due to Hantaan virus and demonstrate that measurement

of specific IgM antibody is the method of choice for diagnosis of acute disease.

Viruses of the family Bunyaviridae, genus Hantavirus. cause
a wide range of clinical diseases characterized by fever, renal
dysfunction, and frequent hemorrhagic manifestations. Spe-
cifically. Hantaan virus is the cause of Korean hemorrhagic
tever in Korea and epidemic hemorrhagic fever in China 1.
2]. Puumala virus is the cause of nephropathia epidemica,
a related but less severe illness of Scandinavia, western So-
viet Union, and Europe |3]. Seoul virus causes a similar dis-
case that is also less severe than that due to Hantaan virus
[4. S]. Recently. another hantavirus, Porogia virus, was de-
scribed from the Bai'.an region of Europe (6]. This virus
causes an especially severe disease that appears to result in
mortality rates at least as high as those seen with classic Han-
taan virus infection. Prospect Hill virus is not known to cause
human disease. although antibody has been found among
mammalogists in the USA [7. 8]. Hemorrhagic fever with re-
nal syndrome (HFRS) is now used to collectively describe
diseases resulting from hantaviral infections.

Before the Korean Conflict HFRS was generally unknown
1+ Western medicine. but it was a significant cause of mor-
bidity and mortality among United Nations forces serving in
Korea and rapidly stimulated the formation of the Hemor-
rhagic Fever Commission to investigate this disease. While
the Cominission made substantial advances in understanding
the clinical disease and improving treatment, the etiologic
agent remained elusive. It was only in 1976 that Hantaan vi-
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rus, the cause of HFRS, was finally isolated from the lungs
of an infected Korean striped field mouse. providing the op-
portunity for further investigations of this disease [1]. As part
of their investigations, the Commission systematically col-
lecte- and preserved acute and convalescent sera from clini-
cally diagnosed hemorrhagic fever patients. Although we were
unable to locate the clinical records for these patients. the
serum collections remain intact, and we serologically exam-
ined the samples for evidence of hantaviral infection.

Materials and Methods

Serum collection.  Sera were obtained from 245 patients with a
clinical diagnosis of hemorrhagic fever, representing ~10% of the
patients seen during and immediately after the Korean Conflict. Sera
were obtained from patients during most months from December
1951 to August 1954 and were labeled with the patient’s name and
rumber, date of collection, volume. and a “"DD™ number, which we
believe represents the “day of disease.” *Hemorrhagic fever™ was typed
in red on the top of every sample label. The information on the labels
is the only patient information that we have been able to locate, and
we have used these dates to calculate days after onset of disease when
presenting results. Sera were Iyophilized in glass ampuies and packed
in cardboard boxes in three metal trunks.

Serologic techniques.  Sera were rehydrated with sterile, distilled
water according to the volume indicated on each label, mixed thor-
oughly, then transferred to plastic tubes and stored at ~30°C until
tested. Each sample v-as tested by enzyme immunoassay for IgM-
and IgG-specific anti-Hantaan virus antibodies as follows. Tests for
IgM-specific antibody were done by the method of Duermeyer et
al. [9]. Goat anti-human u-chain antibody was coated onto poly-
vinyl chloride (PVC) plates and IgM was captured from a 1:100 or
greater dilution of serum. Virus-specific IgM was measured by react-
ing viral antigen and parallel. mock antigen with the captured IgM.
Sera that contained virus-specific IgM captured the viral antigen,
which was then measured with an antigen detection system with con-
valescent sera from rahbits experimentally infected with a Korean
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hantavirus isolate and horseradish peroxidase-conjugated anti-rabbit
antibody (Kirkegaard & Perry Laboratories, Gaithersburg, MD) and
an ABTS substrate (Kirkegaard and Perry). Bound enzyme was quan-
titated at 410 nm and an adjusted optical density (OD) calculated
by subtracting the average of the wells containing mock antigen from
the virus-specific antigen wells. When this OD exceeded an arbitrary
value obtained from the mean of five normal sera plus three stan-
dard deviations, sera were titrated by serial twofold dilutions begin-
ning at 1:100; the last dilution exceeding the cutoff value was
considered the extinction titer. For tabulating the number and per-
centage IgM positive by disease day, only sera with titers 2800 were
considered positive.

The IgG test was done by the method of Meegan et al. [10]. Han-
taan virus was captured on PVC microtiter plates by coating wells
with a pool of anti-Hantaan monoclonal antibodies, which acted as
an immunocapture antibody. followed by addition of Hantaan viral
antigen or similarly prepared mock antigen. Sera were tested in dou-
bling dilutions using wells coated either with Hantaan viral antigen
or mock antigen. followed by the addition of horseradish peroxi-
dase-conjugated anti-human IgG (Accurate Chemical and Scientific.
Westbury. NY). Bound horseradish peroxidase was measured by using
ABTS substrate. The adjusted OD, criteria for positive OD values,
and extinction titers were calculated as for IgM antibody.

Attempts were made to measure viral antigen in early acute se-
rum from each patient and from those negative for IgM antibody
by adding diluted (1:2 to 1:128) sera to wells coated with Hantaan
virus-specific pooled mouse monoclonal antibodies or control fluids:
myelcma-induced mouse ascites. followed by rabbit anti-Hantaan-
specific antibodies. horseradish peroxidase-conjugated goat anti-
rabbit, and ABTS substrate.

To determine the antigenic specificity of the infecting virus, the
last convalescent serum from each patient was tested by plaque-
reduction neutralization test (PRNT), using both prototype Hantaan
virus, strain 76-118. and urban rat-associated Seoul virus. strain 80-
39, following procedures described previously [11]. Prior studies
demonstrated a difference of ~10-fold or greater between the PRNT
titers with homologous and heterologous hantaviruses [6]. Conse-
quently, sera were tested at 1:10 and 1:40 dilutions to both viruses,
and the highest convalescent PRNT titer was considered indicative
of the infecting virus strain.

Results

More than 600 sera were examined from 245 patients. The
modal disease day for the first sample obtained from each
patient was day 3. although many sera were drawn on day 2
and a few on day 1. Most patients were again bled ~1 week
after admission, and a third or additional samples were taken
later. Table 1 summarizes the total sera tested by disease day.

Only 15 (6%) of the 245 patients failed to develop anti-
hantaviral antibodies over the course of their illness. A few
of these sera were from patients with only one available se-
rum sample and could represent patients who died early in
disease; however, most were negative in all samples obtained
and appear to represent infections with agents other than han-
taviruses. Using the worst case analysis, the Commission cli-
nicians were accurate in their clinical diagnosis at least 94 %
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Table 1. Sera positive for [gM-specific anti-Hantaan virus anti-
body by disease day for patients serologically confirmed with hemor-
riagic fever with renal syndrome.

Total positive (2800)/

Discase day total tested (%)

1 3/5 (60)
2 25/41 (61
3 4762 (76)
4 35740 (8K
5 20021 Y5
6 14/15 (93
7 919 10y
8 99 (10
9 11 (100)
10 6/6 (100}
11-20 1007100 (100)
21-30 1497149 (100)
31-40 44/44  (100)
4i-50 42/42 (100
251 30/30 (100)

of the time. Attempts to identify the cause of illness in these
15 non-HFRS cases revealed | patient with serologic evidence
of leptospirosis; no diagnosis could be made for the other 14.

Seropositive patients developed high-titered IgM anti-
Hantaan virus antibody early in the course of their disease
(figure 1, table 1). IgM titers were elevated very early, often
in the first sample drawn, and quickly reached maximum
within the first few days of illness. By comparison, IgG titers
rose much more slowly and did not reach maximum until about
week 2 of disease.

All attempts to detect hantaviral antigen in samples drawn
early in disease or in samples where no IgM antibody was
detectable were unsuccessful. All convalescent sera from
seropositive patients exhibited the highest PRNT titers to pro-
totype Hantaan virus; titers were either much lower or non-
detectable to Seoul virus.

Discussion

The immunoassay results clearly indicate that the hemor-
rhagic fever seen among United Nations forces during the
Korean Conflict was due to infection with a hantavirus, Neu-
tralization test results further suggest that prototype Hantaan
virus, rather than urban rat-associated Seoul virus, was the
likely infecting 2gent. While this has been assumed previously,
because of the living conditions of deployed troops and inti-
mate association with field rodents, analysis of this very unique
serum collection offers the first definitive proof.

Measurement of IgM-specific anti-hantaviral antibody ap-
pears to be the method of choice for early diagnosis of HFRS.
Specific IgM antibodies were often present in the first serum
sample drawn from patients on admission, and all patients
had measurable IgM antibodies by day 7 of disease. Further,
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Figure 1. Geometric mean titers and mean optical densities (OD)

at 1:100 dilution in enzy me immunoassays for IgM- and IgG-specific
anti-Hantaan virus antibodies by disease day among serologically

confirmed cases of hemorrhagic fever with renal syndrome.

all attempts to measure hantaviral antigen in sera drawn early
in disease, or in samples lacking IgM antibody, were nega-
tive. These findings are consistent with our past experience
in diagnosing various forms of this disease elsewhere in Asia
and Europe and appears to be a general characteristic of the

disease (unpublished observations).

In summary. a retrospective serologic analysis of a well-pre-
served serum collection has incriminated prototype Hantaan
virus as the causative agent of hemorrhagic fever in soldiers
infected during the Korean Conflict. US physicians were
94 %accurate in their clinical diagnosis and, with the excep-
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tion of a single case of leptospirosis, the etiology of the other
infections remains obscure. Although tests for circulating vi-
ral antigen were negative, IgM titers were ¢levated early in
disease, clearly demonstrating their diagnostic potential.

Acknowledgment

We thank the officers and staff of the Hemorrhagic Fever Com-

mission for their diligent effort in collecting and preserving this unique
serum collection.

References

1.

9

Lee HW, Lee PW, Johnson KM. Isolation of the etiological agent of
Korean hemorrhagic fever. J Infect Dis 1978:137:298-308

. Song G, Hang CS, Qui XZ. Ni DS. Liao HX, Gao GZ, Du YL, Xu

JK, Wu YS, Zhao JN, Kong BX, Wang ZS, Zhang ZQ. Shen HK.
m4 Etiologic studies of epidemic hemorrhagic fever (hemor-
chagic fever with renal syndrome). J Infect Dis 1983:147:654-659

. Brummer-Korvenkontio M. Vaheri A, Hovi T, von Bonsdorff CH, Vuori-

mies J. Manni T. Penttinen K, Oker-Blom N. Lahdevirta J.
Nephropathia epidemica: detection of antigen in bank voles and sero-
logic diagnosis of human infection. J Infect Dis 1980:141:131-134

. Lee HW, Johnson KM. Laboratory-acquired infections with Hantaan

virus, the etiologic agent of Korean hemorrhagic fever. J Infect Dis
1982:146:645-651

. Song G, Hang CS, Liao HX, FuJL, Gao GZ, Qiu HL, Zhang QF. Anti-

genic difference between viral strains causing classical and mild types
of epidemic hemorrhagic fever with renal syndrome in China. J In-
fect Dis 1984:150:889-894

. Antoniadis A, Grekas D, Rossi CA., LeDuc JW. Isolation of a hantavi-

rus from a severely ill patients with hemorrhagic fever with renal syn-
drome in Greece. J Infect Dis 1987:156:1010-1013

. Lee PW, Amyx HL, Gajdusek DC, Yanagihara RT, Goldgaber D. Gibbs

CR Jr. New hemorrhagic fever with renal syndrome-related virus in
indigenous wild rodents in the United States. Lancet 1982:2:1405

. Yanagihara R, Gajdusek DC, Gibbs CJ Jr, Traub R. Prospect Hill virus:

serologic evidence for infection in mammalogists [letter]. N Engl J
Med 1984.310:1325-1326

. Duermeyer W, Wielaard F, van der Veen J. A new principle for the de-

tection of specific IgM antibodies applied in an ELISA for hepatitis
A. J Med Virol 1979:4:25-32

. Meegan IM, Yedloutschnig RI, Peleg BA, Shy J, Peters CJ, Walker IS,

Shope RE. Enzyme-linked immunosorbent assay for detection of an-
tibodies to Rift Valley fever virus in ovine and bovine sera. AmJ
Vet Res 1987.48:1138-1141

. LeDuc JW, Smith GA, Johnson KM. Hantaan-like viruses from domes-

tic rats captured in the United States. Am J Trop Med Hyg 1984
33:992-998




